Background {#Sec1}
==========

Stress can be defined as "a condition or feeling experienced when a person perceives that the demands placed on them exceed the resources the individual has available" \[[@CR1]\]. Stress can therefore be understood as a perceived imbalance between the demands encountered in daily living and a person's capability to respond \[[@CR2], [@CR3]\]. Medical students may experience stress when curricular demands exceed their resources to deal with them \[[@CR4]\], and they have been reported to suffer from higher perceived stress compared to the general population and students in other academic fields (e.g. \[[@CR5]--[@CR9]\]). Dyrbye and Shanafelt concluded that the high degree of perceived stress faced by medical students requires "A Call to Action" \[[@CR6]\]. Perceived stress in these studies was assessed with generic questionnaires such as the Perceived Stress Questionnaire (PSQ, e.g. Kohls et al. \[[@CR10]\]) and the Perceived Stress Scale (PSS, e.g. Ludwig et al., \[[@CR11]\]) or specific questionnaires for medical students such as the Perceived Medical School Stress (PMSS; e.g. Vitaliano et al. \[[@CR12]\], Tyssen et al. \[[@CR13]\]).

In addition to the level of perceived stress, international (e.g. \[[@CR7], [@CR13]--[@CR16]\]) and German studies (e.g. \[[@CR8]\], \[[@CR17]--[@CR19]\]), report on psychosocial consequences such as increased levels of depression and anxiety as well as burnout and reduced quality of life. Study-related stressors experienced by medical students include high workloads, tight time schedules, dissection of corpses, contact with severely ill, suffering and dying patients, and financial problems, as well as language barriers, communication difficulties and cultural differences especially for international students \[[@CR7], [@CR20]--[@CR24]\]. Moffat et al. \[[@CR4]\] examined stress during the first year of medical school and found a significant increase in psychological morbidity as measured by the General Health Questionnaire GHQ-12, a screening instrument to detect psychological disorders in the general population and in primary care \[[@CR25]\]. Studies focussing on emotional distress as a consequence of prolonged exposure to stressors \[[@CR15]\] found increased anxiety and depression scores in medical students -- in comparison to the general population \[[@CR5], [@CR26]--[@CR28]\] -- as well as increased psychological impairments as measured by the GHQ-12 \[[@CR4]\].

Among the personal resources, optimism and self-efficacy have been investigated as buffers of perceived stress. Higher levels of optimism have been found to be associated with less perceived personal stress levels in the general population and in students \[[@CR29], [@CR30]\]. In an overview Conversano et al. (\[[@CR31]\], p. 25) stated that "optimism may significantly influence mental and physical well-being by the promotion of a healthy lifestyle as well as by adaptive behaviours and cognitive responses, associated with greater flexibility, problem-solving capacity and a more efficient elaboration of negative information". Studies with adolescent high school students revealed a correlation between higher self-efficacy and higher mental health status on one hand as well as less perceived stress on the other hand \[[@CR32]\]. In college students, higher self-efficacy resulted into better mental and physical wellbeing \[[@CR33], [@CR34]\]. In medical students, optimism was also associated with higher scores on psychological wellbeing \[[@CR30]\] and during the first year of medical education joy as a positive mood decreased while depression increased \[[@CR35]\]. Other studies investigated the use of coping strategies by medical students and found that medical students in general use active coping strategies in order to deal with stress experienced within the first year at medical school \[[@CR4]\].

During over 40 years of research, evidence accumulates that medical students report a high level of perceived stress and apply individual approaches to cope with it, also by investigating the effects of interventions such as stress reduction trainings \[[@CR27]\], peer support programs \[[@CR36]\], student focused curricula \[[@CR37]\] or wellness courses \[[@CR11]\]. Many studies, however, focused on single aspects of the stress experienced by medical students, such as stressors, amount of perceived stress, emotional distress or coping strategies, but failed to investigate conjointly relevant aspects within a general stress model \[[@CR15], [@CR26]\]. It is expected that such an approach could contribute to a better understanding of how stress develops in medical students, how the stress experience in medical students differs from that of the general population, how adaptive resources contribute to stress regulation, in medical students and how the stress experience can be addressed via targeted interventions.

Theoretical models unravelling determinants and consequences of stress in medical students have been published by Dyrbye et al. \[[@CR14]\], Dunn et al. \[[@CR38]\] and Mavor et al. \[[@CR39]\]. In 2005, Dyrbye et al. \[[@CR14]\] proposed a literature-based interactive model of student-perceived stress, that includes personal factors (e.g. personality traits or coping strategies) and factors related to medical training (e.g. workload, curriculum, ethical conflicts) as hypothetical determinants of student distress. Potential personal (e.g. break ups in relationships, substance abuse or suicide) and professional events (e.g. impaired academic performance, decline in empathy or medical errors) as well as their interaction are viewed as determinants and consequences of the stress level. In 2008, Dunn et al. \[[@CR38]\] presented a conceptual model of medical students' well-being, based on literature review, entitled as the "coping reservoir". The authors claimed that the coping reservoir changes in a dynamic process, leading to the possible outcomes of either burnout and stress or enhanced resilience and mental health. Personal traits, temperament and coping style have an impact on the coping reservoir by forming the internal structure of the reservoir. The authors proposed that negative input (stress, internal conflicts, time and energy demands) as well as positive input (psychological support, social activities, mentorship and intellectual stimulation) influence students' personal coping reservoir and may affect either burnout or resilience. In 2014, Mavor et al. \[[@CR39]\] proposed a model incorporating interactive effects of self-complexity with group identity and norms. According to this approach, a low level of self-complexity due to the demands of the medical training is unhelpful in buffering stressful situations. Furthermore, a strong group identity (as medical students) can be supportive but can also result in high pressure to follow maladaptive group norms. None of the three models described above been tested empirically so far.

Recently Kocalvent et al. \[[@CR29]\] proposed a generalized stress model including self-regulation resources, perceived stress level and its consequences on emotional distress such as anxiety or depression and examined it in the general German population. This model is based on Lazarus and Folkman's transactional model of stress \[[@CR2]\], which postulates that the stress experience is modulated in a dynamic process by appraisal and coping, in that individuals who perceive stress examine and use their presently available coping resources \[[@CR29]\]. Lazarus and Folkman's model \[[@CR2]\] contributed to the understanding of stress by identifying direct effects of resources on the perception of stress and indirect effects on stress reactions and broader health-related outcomes \[[@CR29]\]. In their population study, Kocalevent et al. \[[@CR29]\] operationalized the latent variable resources by self-efficacy, optimism, and joy and the latent variable stress perception by demands, tension and worries. In line with the stress coping model, the results showed that resources explained major part of the variance of stress perception and thus contributed to a transactional understanding of stress by identifying direct effects of resources on stress perception and indirect effects of stress perception on physical and mental fatigue respectively.

The main objective of the present study was to investigate empirically on the basis of a transactional conceptual model the stress experience of medical students and its determinants, with the intention of identifying potential interventions to improve student wellbeing in the future. In addition, a theoretical contribution was intended by examining if a modified transactional model of stress originally developed for and tested in the German general population (\[[@CR29]\]; see Fig. [1](#Fig1){ref-type="fig"}), was applicable to a medical student population. Therefore, we examined the associations between personal resources (specifically self-efficacy, optimism, resilient coping, and joy) and perceived stress (specifically tension, worries, and demands), as well as between perceived stress and emotional distress (specifically depression and anxiety) via structural equation modelling in a cohort of medical students.Fig. 1Modified general stress model based on Kocalevent et al. \[[@CR29]\]

In accordance with previous studies, we expected to find higher levels of perceived stress and emotional distress among medical students as compared to the general population and to nonmedical students (e.g. \[[@CR8], [@CR17], [@CR18]\]). We also expected to find higher levels of perceived stress, emotional distress and fewer personal resources in female as compared to male students \[[@CR17], [@CR20], [@CR21]\], in students with migration background as compared to German students \[[@CR20]\] and in students who work part time as compared to students who do not work \[[@CR7], [@CR20], [@CR21]\]. We were interested in the effect of personal resources on perceived stress and the effect of perceived stress on emotional distress in medical students as compared to the general population in order to examine the generalizability of the population-based stress model and the benefit of such a general model in a student population.

Finally, we were interested in identifying approaches for interventions to reduce the perceived stress level of medical students either by addressing structural-environmental or individual-regulatory resources. In general, approaches for interventions to reduce the perceived stress level of the medical students and its consequences such as anxiety or depression can address the institutional level or environmental factors of the curriculum -- e.g. team based learning or a shorter preclinical phase -- \[[@CR40]\] or can address the students' personal resources -- e.g. enhancing coping strategies or the perceived self-efficacy.

Methods {#Sec2}
=======

The aim of this study was to test the applicability of a general population-based stress model in a sample of medical students. The effect of personal resources on perceived stress and the effect of perceived stress on emotional distress were examined using a structural equation model (SEM). Figure [1](#Fig1){ref-type="fig"} (see above) shows the underlying theoretical model with latent variables used to represent the respective constructs, namely personal resources, perceived stress, and emotional distress.

Subjects {#Sec3}
--------

The cross-sectional study was conducted at the Medical Faculty of the University of Hamburg, Germany, which in 2012 had introduced an integrative medical curriculum combining preclinical and clinical training based on problem-oriented learning (iMED). The structure of the iMED curriculum includes modular organization of topics presented in a learning loop of increasing complexity from semester 1 to 10 and each semester presents two thematically different modules \[[@CR39]\]. All 385 first year medical students of the iMED curriculum (cohort admitted in fall 2013) were asked to complete and return a questionnaire as a learning experience during regular seminars in January 2014, at the beginning of the second, six-week module, and before the written semester exam in February 2014. The total questionnaire consisted of 70 item, containing standardized instruments and single questions about interest in stress reduction courses and counselling, and was completed in 10--15 min. For the analyses presented in this paper subscales of standardized instruments (totalling 42 items) were used. The questionnaires were distributed and collected within an obligatory 120 min seminar on stress and health in 20 groups with up to 20 students each. No incentive was given to the students to participate in the survey, as completion was part of the learning experience regarding stress perception. The seminars were mandatory with an average attendance rate of about 95% of all students. The survey was explained to the students at the end of the first part of the seminar. The questionnaires were distributed to be filled out during the break before the second part of the seminar.

A total of 321 questionnaires could be used for the analyses, yielding a response rate of 83%. The percentage of women (60%) in the sample of 321 students was representative for German medical students in their first year: In fall 2013, 9.381 students started studying medicine at all German medical schools and 5.838 (62.2%) of them were women \[[@CR41]\]. The study was conducted according to the principles expressed in the Declaration of Helsinki. Written informed consent was obtained from the participants, data was collected and processed anonymously and decline of participation was possible anytime without any consequences. The dean of the University Medical Center Hamburg-Eppendorf approved the study protocol and the intra-faculty Commission on Teaching and Learning provided consensus.

Instruments and variables {#Sec4}
-------------------------

For this study, the results of four instruments measuring self-efficacy and optimism (SWOP \[[@CR42]\]), resilient coping (BRCS \[[@CR43]\]), perceived stress (PSQ-20 \[[@CR44]\]) and anxiety and depression (PHQ-4, \[[@CR45]\]) were chosen for analyses, as the scales of these standardized instruments build the latent variables personal resources, perceived stress and emotional distress (see also below). The scales were selected in accordance to the population-based stress model and are presented in accordance with the structure of the stress model tested of Kocalevent et al. \[[@CR29]\]. In addition to the standardized instruments, four sociodemographic questions were included concerning age, gender, part time job and family background. An additional item asked for the students' approval that the anonymized data of the questionnaire might be used for scientific analyses and publication.

The instruments' reliability in terms of internal consistency in the current student population was calculated via Cronbach's alpha \[[@CR46], [@CR47]\] and McDonald's omega (ω~t~) \[[@CR48]\]. Cronbach's alpha is widely used, but also criticized in psychological research \[[@CR49]\]. McDonald's omega is an alternative measure for internal consistency reliability, which is calculated using a 95% confidence interval achieved by bootstrapping \[[@CR49]\].

### Personal resources {#Sec5}

The latent variable personal resources was operationalized by the subscales optimism, self-efficacy, joy and resilient coping, assessed with three different standardized instruments.

Optimism and self-efficacy were measured using the Self-Efficacy, Optimism and Pessimism Instrument (SWOP \[[@CR42]\]), which is a combination of the self-efficacy questionnaire by Schwarzer and Jerusalem \[[@CR50]\] and the optimism questionnaire by Scheier and Carver \[[@CR51]\]. The SWOP was validated in a German sample \[[@CR42]\] and has been frequently used (e.g. \[[@CR29], [@CR52]--[@CR54]\] and is available as a 9-item short version (K9) comprising of nine items; five items form the self-efficacy scale and two items each measure optimism and pessimism. The SWOP questionnaire uses a four-point response scale ranging from 1: "not correct" to 4: "absolutely correct". For the optimism scale Cronbach's α (.72) and McDonald's ω~t~ (.72 \[CI: .63--.78\]) showed comparable and good internal consistency, whereas coefficients were weaker for the self-efficacy scale (α: .60; ω~t:~ .01 \[CI: 3.5e^−07^ - .10\]) and the pessimism scale (α: .47; ω~t:~ .01 \[CI: 1.3e^−07^ - .51\]) -- especially in matters of McDonald's ω~t~. The pessimism subscale was not used in the multiple regressions and the SEM, but it was used to compare the SWOP score of the medical students in our study with other samples. Joy was measured using the joy scale of the Perceived Stress Questionnaire in its 20 item version (PSQ-20, see below) \[[@CR50]\]. The items of the joy scale are answered on a four point rating scale ranging from 1: "almost never" to 4: "usually". Cronbach's α (.80) as well as McDonald's ω~t~ (.81 \[CI: .77--.84\]) indicated high internal consistency of the joy-scale.

Resilient coping was measured using the Brief Resilient Coping Scale (BRCS), a 4-item questionnaire measuring adaptive -- i.e. resilient -- coping with stress \[[@CR43]\]. Response options are provided on a five point rating scale ranging from 1: "does not describe you at all" to 5: "describes you very well". The BRCS, which has been translated, validated and normed in Germany \[[@CR55]\] and other countries \[[@CR56]\], screens for an active and effective problem-solving coping pattern and is considered to be sufficiently valid and reliable \[[@CR56]\]. The resilience of medical students has been explored in various studies using different instruments (e.g. \[[@CR57]--[@CR60]\]) and recently in Spain with the BRCS \[[@CR61]\]. In our sample Cronbach's α (.43) as well as McDonald's ω~t~ (.48 \[CI: .37--.55\]) showed suboptimal results for the BRCS.

### Perceived stress {#Sec6}

Perceived stress was measured using the subscales worries, tension, and demands of the PSQ-20 \[[@CR44]\], following the approach of Kocalevent et al. \[[@CR29]\]. All items are answered on a four point rating scale ranging from 1: "almost never" to 4: "usually". A linear transformation changes the subscale scores to values from 0 to 1. In order to compare the prevalence of perceived stress among medical students to reference groups, the total PSQ-20 score comprised of all four scales was used: joy, worries, tension, and demands. The PSQ-20 was validated in different German adult samples \[[@CR44]\] and was previously used in medical and dental students \[[@CR10], [@CR44], [@CR62]--[@CR64]\]. Internal consistency coefficients were high both in terms of Cronbach's α (worries: .76, tension: .77, demands: .81) as well as McDonald's ω~t~ (worries: .76 \[CI: .71--.80\], tension: .77 \[CI: .72--.81\], demands: .82 \[CI: .78--.85\]).

### Emotional distress {#Sec7}

Emotional distress was measured with the Patient Health Questionnaire (PHQ-4, \[[@CR45]\]) which consists of four items derived from the PHQ-9 \[[@CR65]\]. Two items screen for depression by focussing on the two core DSM-IV items for major depressive disorder (PHQ-2), and two more items screen for anxiety, representing the two core DSM-IV items for generalized anxiety disorder by using the first two items of the GAD-7 \[[@CR65]\]. Responses are given on a four point rating scale ranging from 0: "not at all" to 3: "nearly every day". The PHQ-4 is a valid and reliable brief instrument to screen for depression and anxiety and was previously tested in the general German population \[[@CR66]\]. According to Kroenke et al. \[[@CR45]\], persons scoring above three points or greater in the PHQ-2 or GAD-2 should be examined for clinical relevant depression or anxiety disorder. The PHQ-9 instrument has been used in various surveys with medical students \[[@CR67]--[@CR70]\]. In our sample, Cronbach's α (PHQ-4: .76, PHQ-2: .62, GAD-2: .70) as well as McDonald's ω~t~ (PHQ-4: .77 \[CI: .72--.82\], PHQ-2: .62 \[CI: .52--.71\], GAD-2: .70 \[CI: .59--.77\]) showed good results, indicating a satisfactory internal consistency of the instruments.

Statistical analyses {#Sec8}
--------------------

Means and standard deviations of the subscales used in the present study were calculated at first for the total sample, then separately for subgroups composed of the sociodemographic variables gender, migration background and part time work. Differences between two groups were examined by *t*-tests for independent groups. Differences between more than two groups were calculated using ANOVA. If existing, population norms on personal resources, perceived stress, and emotional distress were inspected for statistical significant differences to the student sample means by one sample *t*-test. Since the sociodemographic variables age, gender, migration background and part time job have been found to be accountable for differences in the stress experience of medical students in previous studies (\[[@CR7], [@CR17], [@CR20], [@CR21]\]), they were examined in order to subsequently statistically control them in the stress model if necessary.

Spearman's rho correlation coefficients and stepwise multiple regression analyses were used to explore the relationships between subscales as components of the stress model. The multiple regressions were also calculated to identify relevant indicator variables for the SEM model. Structural equation modeling (SEM) was performed to test the model fit of the student data set with the postulated general stress model and to examine the relationship of the latent variables by path analysis. The linear structural regression models were carried out with the maximum likelihood method. To assess a SEM model several fit criteria can be used (e.g. \[[@CR71]--[@CR74]\]). Fit indices of the SEM in this study were reported according to Kriston \[[@CR74]\] in terms of Discrepancy Test (*χ* ^2^ / df), Standardized Root Mean Residual (SRMR), Root Mean Square Error of Approximation (RMSEA), Tucker-Lewis Index (TLI), Comparative Fit Index (CFI), Normed *χ* ^2^, and Akaike Information Criterion (AIC).

Data were analysed with SPSS/PASW (version 18.0), AMOS (version 22) for the SEM and R (version 3.1.1) for McDonald's omega (ω~t~). In order to ensure data quality, the total data set was entered twice and inconsistencies between the two data sets were corrected.

Results {#Sec9}
=======

In January 2014, all 385 first year medical students admitted in autumn 2013, were invited to participate in the study, of which 360 students completed the questionnaire. Due to missing values, the final sample included 321 subjects yielding an 83% response rate of all first year medical students of the year 2013 cohort at University Medical Center Hamburg-Eppendorf (60% women, mean age 22 years, 30 with migration background). Table [1](#Tab1){ref-type="table"} shows the sociodemographic characteristics of the sample.Table 1Sociodemographic data of the medical students; means and standard deviations (SD) of the variablesTotal\
*N* = 321, 100%Male\
*n* = 127, 39.6%Female\
*n* = 194, 60.4%PSQ-20\
M (S.D.)PHQ-4\
M (SD)PHQ-2\
M (SD)GAD-2\
M (SD)Age, M (S.D.)21.80 (3.93)21.79 (3.96)21.80 (3.93)Total: .397 (0.154)Total:2.65 (2.197)Total:1.26 (1.123)Total: 1.40 (1.356)Male: .383 (.162)Male: 2.65 (2.136)Male: 1.36 (1.092)Male: 1.46 (1.418)Female: .407 (.148)Female: 2.65 (2.242)Female: 1.36 (1.166)Female: 1.29 (1.254)German family background226 (70.4%)86 (68.3.1%)140 (71.8%).390 (.151)2.61 (2.207)1.24 (1.169)1.37 (1.307)International family background95 (29.6%)40 (31.7%)55 (28.2%).412 (.160)2.76 (2.182)1.29 (1.009)1.46 (1.472) European (EU) family background28 (8.7%)10 (7.9%)18 (9.2%).378 (.138)2.29 (1.740)1.14 (.932)1.14 (1.208) Family background from outside EU41 (12.8%)22 (17.5%)19 (9.7%).402 (.167)2.78 (2.361)1.29 (1.055)1.49 (1.583) Internationally mixed family background26 (8.1%)8 (6.3%)18 (9.2%).462 (.163)3.23 (2.179)1.46 (1.029)1.77 (1.531)No part time job240 (74.8%)94 (74.6%)146 (74.9%).394 (.153)2.74 (2.256)1.27 (1.123)1.47 (1.396)Part time job81 (25.2%)32 (25.4%)49 (25.2%).407 (.159)2.41 (2.005)1.22 (1.129)1.19 (1.396) Up to 10 h per week63 (19.6%)19 (15.1%)44 (22.6%).394 (.155)2.25 (1.805)1.16 (1.096)1.10 (1.073) More than 10 h per week18 (5.6%)13 (10.3%)5 (2.6%).453 (.167)2.94 (2.578)1.44 (1.247)1.50 (1.618)

The following results are presented according to the latent variables in the general stress model by Kocalevent et al. (\[[@CR29]\], see Fig. [1](#Fig1){ref-type="fig"}), representing the sequence from personal resources over perceived stress to emotional distress.

Personal resources in medical students {#Sec10}
--------------------------------------

The mean self-efficacy score of the SWOP was 2.87 (SD = 0.39; range: 1--4) and the mean of the optimism-scale of the SWOP was 3.00 (SD = 0.67; range: 1--4). As compared to the 726 subjects of the SWOP clinical validation sample of patients with psychosomatic (*n* = 171) and somatic conditions (*n* = 555, diabetes, skin disease, slipped disk, transplant \[[@CR42]\]), the medical students in our study scored statistically significantly higher in self-efficacy (students: *M* = 2.87, SD = .39; validation sample: *M* = 2.81, SD = 0.62; *p* = .004) and optimism (students: *M* = 3.00, SD = .67; validation sample: *M* = 2.84, SD = 0.88; *p* \< .001) and significantly lower in pessimism (students: *M* = 1.93, SD = .59; validation sample: *M* = 2.22, SD = 0.79; *p* \< .001, \[[@CR42]\]). In comparison to German surgeons in a study of Mache et al. \[[@CR54]\] the students in our sample showed significantly lower self-efficacy (students: *M* = 2.87, SD = .39; surgeons: *M* = 3.23, SD = 0.71, *p* \< .001), lower optimism (students: *M* = 3.00, SD = .67; surgeons: *M* = 3.57, SD = 0.67; *p* \< .001) and higher pessimism scores (students: *M* = 1.93, SD = .59; surgeons: *M* = 1.82, SD = 0.79; *p* \< .001, \[[@CR48]\]) than the surgeons.

The mean in the BRCS-scale, measuring resilient coping, was 15.28 (SD = 2.10; range: 9--20) and significantly higher than the scores of the 140 subjects of the validation sample (individuals with rheumatoid arthritis, *M* = 14.56, SD = 1.01, *p* \< .001; \[[@CR43]\]). The mean in our sample was also significantly higher than the BRCS scores in a Spanish psychology student sample studied by Limonero et al. (*M* = 14.90, SD = .91, *p* = .001; \[[@CR61]\]).

Perceived stress in medical students {#Sec11}
------------------------------------

The overall mean of the perceived stress level measured by the PSQ-20 was 0.40 (SD = 0.15; range: .02--.82). The perceived stress level of the medical students in our sample was significantly higher than the level of the age related German norm population (*M* = .30, SD = 0.15; T(320) = 11.290, *p* \< .001; \[[@CR75]\]) and significantly higher than the stress level of 249 German second year medical students (*M* = 0.37, SD = .17; T(320) = 3.146, *p* = .002) in a sample studied by Fliege et al. \[[@CR64]\]. The students' scores were categorized into three groups according to a study of Bergdahl and Bergdahl \[[@CR76]\] and Kocalevent et al. \[[@CR75]\]:▶ Group 1: ≤ mean (M) + 1 standard derivation (SD) = mean stress level▶ Group 2: (\> M + 1 SD) -- (≤ M + 2 SD) = slightly increased stress level▶ Group 3: \> M + 2 SD = high stress level

In our study 269 (83.8%) students sorted into group 1 showed a mean stress level, 41 (12.8%) students sorted in group 2 showed a slightly increased stress level and 11 (3.4%) students sorted in group 3 showed a high stress level. When these three groups were formed on the basis of the German validation sample's results (*M* = .30, SD = .15, \[[@CR44]\]), only 210 (65.4%) of the students in our study showed the mean stress level (group 1 of the German validation sample), 78 (24.3%) students showed slightly increased stress levels (group 2 of the German validation sample) and 33 (10.3%) students showed high stress levels (group 3 of the German validation sample).

The perceived stress level measured by the PSQ-20 was analysed for variability within subgroups of medical students. There were no statistically significant differences according to gender (T(319) = 1.366, *p* = .173) or migration background (*F* = 1.843, p = .139). Furthermore perceived stress did not differ in students with a part-time job as compared to those without (T(319) = −.672, *p* = .502). There was no difference in perceived stress between students who do not work (M = .39), students who work up to ten hours (*M* = .39) and students who work 11 h or more (*M* = .45; *F* = 1.251, *p* = .288).

Emotional distress in medical students {#Sec12}
--------------------------------------

The PHQ-4 screening measure for depression and anxiety revealed a mean of 2.65 (SD = 2.20; range: 0--12) for the sum score, for the PHQ-2 (screening for depression) a mean of 1.26 (SD = 1.12; range: 0--6) and for the GAD-2 (screening for anxiety) a mean of 1.40 (SD = 1.36; range: 0--6). In addition to the numerical scoring, the PHQ-2 and the GAD-2 can be interpreted categorically, using severity scores \[[@CR45]\]. In the PHQ-2 (screening for depression) 37 (11.5%) students had a score of three points or higher, in the GAD-2 (screening for anxiety) 59 (18.4%) students scored three points or higher. According to Kroenke et al. \[[@CR45]\] persons scoring three points and higher should be further evaluated.

There were no statistically significant differences between male and female students in the PHQ-4 (T(319) = .004, *p* = .997), the PHQ-2 (T(319) = −1.339, *p* = .181) and the GAD-2 (T(319) = 1.115, *p* = .266). There were no significant differences between students with different migration background in the PHQ-4 (*F* = .934, *p* = .425), PHQ-2 (*F* = .406, *p* = .749) and GAD-2 (*F* = 1.078, *p* = .358), but students with international family background scored higher in the PHQ-2 and GAD-2 than the students with German family background. Differences between working (more or less than ten hours per week) and non-working students in the PHQ-4 (*F* = 1.378, *p* = .254), PHQ-2 (*F* = .508, *p* = .602) and GAD-2 (*F* = 1.939, *p* = .146) were non-significant.

Within the PHQ-2, screening for depression, medical students showed a significantly higher mean (*M* = 1.26, SD = 1.12) than the general population (*M* = .94; T(320) = 5.083, *p* \< .001; \[[@CR66]\]) and a percentile about 70 of the students in comparison to the general population. Again, in comparison to the age-matched norm population (14--24 years, *M* = .83, SD = 1.11) our student sample scored significantly higher (T(320) = 6.838, *p* \< .001).

Within the GAD-2, screening for anxiety, (students: *M* = 1.40, SD = 1.36; German population: *M* = .82; T(320) = 7.603, *p* \< .001; \[[@CR66]\]) a similar result was found, indicating that the students score on a 70 percentile, too. As before, in comparison to the age-matched norm population (14--24 years, *M* = .72, SD = 1.08) our student sample scored significantly higher (T(320) = 8.924, *p* \< .001).

Correlations {#Sec13}
------------

Within the different measures of personal resources, joy showed the highest correlations with stress and emotional distress (PSQ-20 worries: *r* = −.56, PSQ-20 tension: *r* = -.54, PHQ2 depression: *r* = −.55, GAD2 anxiety: *r* = −.51, PHQ4 *r* = −.60). The perceived stress level assessed by all four PSQ-20 subscales (with the joy scale *included* and *reversed*) correlated highly with the depression (PHQ-2, *r* = .51) and the anxiety (GAD-2, *r* = .57) subscales of the PHQ-4 as well as with the PHQ-4 sum score (*r* = .62). Anxiety assessed by GAD-2 correlated highest with the PSQ-20 worries subscale (*r* = .60; see Table [2](#Tab2){ref-type="table"}).Table 2Correlations between the scores contributing to the variables personal resources, perceived stress, and emotional distressVariablesOperatio-nalisationBRCS sumSWOP Self-efficacySWOP OptimismSWOP PessimismPSQ-20 JoyPSQ-20 WorriesPSQ-20 TensionPSQ-20 DemandsPHQ-2 DepressionGAD-2 AnxietyPHQ-4 (sum)PSQ-20 (sum)Personal resourcesResilient coping (BRCS)1.00.31^a^.27^b^--.15^b^.24^b^--.16^b^--.12^a^--.10--.14^b^--.14^b^--.15^b^--.18^b^Self-efficacy (SWOP)1.00.36^b^--.27^b^.39^b^--.38^b^--.24^b^--.16^b^--.26^b^--.31^b^--.32^b^--.36^b^Optimism (SWOP)1.00--.29^b^.58^b^--.44^b^--.40^b^--.20^b^--.38^b^--.40^b^--.44^b^--.48^b^Pessimism (SWOP)1.00--.28^b^.23^b^.20^b^0.05.23^b^.21^b^.25^b^.24^b^Joy (PSQ-20)1.00--.56^b^--.54^b^--.26^b^--.55^b^--.51^b^--.60^b^--.75^b^Perceived stressWorries (PSQ-20)1.00.61^b^.43^b^.50^b^.60^b^.63^b^.81^b^Tension (PSQ-20)1.00.58^b^.42^b^.48^b^.51^b^.86^b^Demands (PSQ-20)1.00.21^b^.26^b^.26^b^.73^b^Emotional distressDepression (PHQ-2)1.00.53^b^.86^b^.51^b^Anxiety (GAD-2)1.00.87^b^.57^b^PHQ-4 (sum)1.00.62^b^PSQ-20 (sum)1.00^a^Correlation is statistically significant on a .05 level (two-sided)^b^Correlation is statistically significant on a .01 level (two-sided)

Multiple regression of personal resources on perceived stress {#Sec14}
-------------------------------------------------------------

To explore the effects of personal resources on perceived stress, three stepwise multiple regressions were calculated with the PSQ-20 subscales (1) worries, (2) tension, and (3) demand as dependent variable. Resilient coping (BRCS), the PSQ-20 subscale joy and the SWOP scales self-efficacy and optimism were used as independent variables, representing personal resources. In the multiple regressions the joy scale was *not* reversed, therefore higher joy scores indicate *more* joy. The variance of worries was mainly explained by joy and self-efficacy (.35 corrected R^2^). With tension as dependent variable, joy and optimism explained 32% of the variance (.32 corrected R^2^). With the PSQ-20 subscale demands as dependent variable, joy was the only relevant variable, explaining .06 corrected R^2^ (see Table [3](#Tab3){ref-type="table"}).Table 3Stepwise multiple regressions with worries, tension and demands as dependent variableDependent variableIndependent variablesB (95% CI~l~--CI~u~)^a^SEß*p*Corrected R^2^Worries (PSQ-20)Joy (PSQ-20)--.48 (--.57--−.39).05--.51\<.001.35Self-efficacy (SWOP)--.08 (−.12--−.03).02--.16.001Tension (PSQ-20)Joy (PSQ-20)--.47 (−.57--−.36).05--.48\<.001.32Optimism (SWOP)--.04 (−.07--−.01).02--.14\<.014Demands (PSQ-20)Joy (PSQ-20)--.27 (−.38--−.15).06--.25\<.001.06^a^B with lower (CI~l~) and upper limit (CI~u~) of the 95%-confidence interval

Multiple regressions on emotional distress {#Sec15}
------------------------------------------

In order to explore the effects of perceived stress on emotional distress, three stepwise multiple regressions were performed. Dependent variables were (1) PHQ-4, (2) PHQ-2 and (3) GAD-2, independent variables were the PSQ-20 subscales worries, tension and demands. With the PHQ-4 as dependent variable, the worries, tension and demands explained .45 corrected R^2^. With the PHQ-2 (screener for depression) as dependent variable, the PSQ-20 subscales worries, tension and demands explained .29 corrected R^2^. And with the GAD-2 (screener for anxiety) as dependent variable, the PSQ-20 subscales worries, tension and demands explained .41 corrected R^2^ (see Table [4](#Tab4){ref-type="table"}).Table 4Stepwise multiple regressions with PHQ-4, PHQ-2 and GAD-2 as dependent variableDependent variableIndependent variablesB (95% CI~l~--CI~u~)^a^SEß*p*Corrected R^2^PHQ-4 (sum)Worries (PSQ-20)6.02 (4.77--7.26).63.51\<.001.45Tension (PSQ-20)3.37 (2.07--4.67).66.29\<.001Demands (PSQ-20)--1.13 (−2.16--−.11).52--.11.030PHQ-2 (Depression)Worries (PSQ-20)2.34 (1.62--3.06).37.35\<.001.29Tension (PSQ-20)1.65 (.90--2.40).38.28\<.001Demands (PSQ-20)--.68 (−1.27--−.08).30--.13.026GAD-2 (Anxiety)Worries (PSQ-20)3.60 (2.81--4.39).40.59\<.001.41Tension (PSQ-20)1.49 (.73--2.25).39.21\<.001^a^B with lower (CI~l~) and upper limit (CI~u~) of the 95%-confidence interval

Structural equation modeling {#Sec16}
----------------------------

Structural equation modeling was used to examine if the population based stress model \[[@CR29]\] can be applied to a sample of medical students (see Fig. [2](#Fig2){ref-type="fig"}). The latent variable personal resources was operationalised by joy (*not* reversed subscale of the PSQ-20), resilience (BRCS), optimism and self-efficacy (SWOP subscales). The latent variable perceived stress was operationalised by demands, tension and worries (PSQ-20). The latent variable emotional distress was operationalised by depression (PHQ-2) and anxiety (GAD-2). Since the sample was homogeneous in age and did not differ in the latent variables by gender, migration background or part time job we did not control for these variables in the SEM.Fig. 2Modified transactional stress model including personal resources, perceived stress and emotional distress. Legend: Circles: unobserved residual variables with fixed regression weight of 1; rectangles: observed indicator variables; ovals: unobserved latent variables; numbers at lines with arrows at each end are correlation coefficients; numbers at lines with arrows at one end are squared regression coefficients; no constraints parameters. Fit Indices: Discrepancy test (*χ* ^2^ / df) =112.304/25, *p* \< .001, SRMR = .0595, RMSEA = .104, CFI = .915

Results of model testing showed the discrepancy *χ* ^2^test to be statistically significant (*χ* ^2^ = 112.304, df = 25, *p* \< .001), indicating a difference between theoretical and observed variable. The normed *χ* ^2^ test (4.49) was below the acceptance level of 5. The CFI (.915) was above the threshold, the RMSEA (.104) and SRMR (.0595) were acceptably low and the TLI (.878) was very close to the acceptance level. The Akaike Information Criterion (AIC) was 170.304 (see Table [5](#Tab5){ref-type="table"}). In order to optimize the model fit a second SEM analysis, according to the general stress model \[[@CR29]\], was performed with the above latent variables, however allowing a direct path between personal resources and emotional distress (see Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Modified transactional stress model with a direct path between personal resources and emotional distress. Legend: Circles, unobserved residual variables with fixed regression weight of 1; rectangles, observed indicator variables; oval, unobserved latent variables; numbers at lines with arrows at each end are correlation coefficients; numbers at lines with arrows at one end are squared regression coefficients; no constraints parameters. Fit Indices: Discrepancy test (*χ* ^2^ / df) =98.261/24, *p* \< .001, SRMR = .0562, RMSEA = .098, CFI = .928

In the second SEM analysis, the TLI (.892) closely approached to the acceptance level of .90 and the CFI (.928) exceeded .90. The RMSEA (0.098 with .079--.119 confidence interval) was satisfactory, supporting the acceptance of the model. The discrepancy *χ* ^2^ test was lower, but still significant (*χ* ^2^ = 98.261, df = 24, *p* \< .001), while the normed *χ* ^2^ test was 4.09 and therefore supported the acceptability of the model. The SRMR (.0562) was below the acceptance level of .08 and the model had an AIC of 158.261. Since lower values of the AIC are more preferable, the second model with the direct path between personal resources and emotional distress is preferable. Never the less the quality of the fit indices indicate that further modification could enhance the model fit. All fit indices and their acceptance levels following Kriston et al. (\[[@CR74]\]) are shown in Table [5](#Tab5){ref-type="table"}.Table 5Global goodness-of-fit measures in the two models tested (goodness-of-fit index with recommendations following Kriston et al. \[[@CR74]\])Goodness-of-fit index with recommendations (the most strict recommendation is presented first)1^st^model, original stress model2^nd^ model with direct path from personal resources to emotional distressDiscrepancy Test (*χ* ^2^ / df)112.304/25, *p* \< .00198.261/24, *p* \< .001Standardized Root Mean Residual (SRMR)\
\<0.05, \<0.08^a^. 0595.0562Root Mean Square Error of Approximation (RMSEA)\
\<.05, \<.06, \<.08.104.098 (CI .079--.119)Tucker-Lewis Index (TLI)\
≥.95, ≥.90, ≥.80.878.892Comparative Fit Index (CFI)\
≥.95, ≥.90, ≥.80.915.928Normed *χ* ^2^\
\<1.0, \<1.5, \<2.0, \<3.0, \<5.04.494.09Akaike Information Criterion\
(model comparisons: smaller value is preferred)170.304158.261^a^The multiple values indicate diverse recommendations with the strictest recommendation as the first value

Discussion {#Sec17}
==========

The present study attempted to contribute to the transactional understanding of stress by testing a general population-based stress model in a cohort of medical students, and examining direct effects of personal resources on perceived stress and indirect effects on emotional distress, operationalised by depression and anxiety levels.

Personal resources {#Sec18}
------------------

Personal resources of the medical students were operationalized by the subscales optimism and self-efficacy of the SWOP \[[@CR42]\], the subscale joy of the PSQ-20 \[[@CR44]\] and resilient coping assessed with the BRCS \[[@CR43]\]. The medical students in our study showed increased levels in these four aspects to validation samples (\[[@CR42], [@CR43]\]) and population norms \[[@CR75]\]. Never the less, the students in our sample showed significantly lower self-efficacy, lower optimism and higher pessimism scores than German surgeons in a study of Mache et al. In contrast, the resilient coping strategies of the students in our sample were higher than in a Spanish psychology student sample \[[@CR61]\]. The above comparisons provide an indication about the level of resources. Even though the students in our study had very high levels in optimism, self-efficacy, joy and resilient coping, they experienced high levels of stress.

Personal resources (joy and optimism in particular) were related to students' stress perception in that high personal resources reduced perceived stress. These empirical findings are in line with the "coping reservoir" postulated by Dunn et al. \[[@CR38]\], which corresponds to personal resources such as self-efficacy and optimism in the model tested.

Within the multiple regressions on perceived stress, joy was the only resource that could explain the variance of the PSQ-20 subscales worries, tension, and demands. To reduce the worries and tension medical students experience it might therefore be particularly helpful to enhance the students' experience of joy in their medical training. In contrast to the general stress-model tested by Kocalevent et al. \[[@CR29]\], the latent variable personal resources included resilient coping, as resilience and coping styles have been found to be a core personal competency of medical students \[[@CR77]\] and to be important for their stress perception \[[@CR78]\]. Although, coping strategies are an essential part of the transactional stress model by Folkman and Lazarus \[[@CR2]\], the resilient coping strategies measured by the BRCS were not an important personal resource in our study. One reason might be the high mean of this scale, indicating a ceiling effect of the BRCS score. Another reason might be the ultra-brief BRCS scale itself, which might not be able to detect sufficiently the variance of resilient coping strategies in medical students. In the second SEM, when a direct path between personal resources and emotional distress was added to the model, the effect of perceived stress on emotional distress was considerably reduced. Personal resources -- joy and optimism in particular -- had a reducing effect on anxiety and depression levels. The fit indices of both SEM models show that our model is not perfectly fitting the data (e.g. the *χ* ^2^ score), even though the second model shows better results than the first one. But there are some shortcomings associated with the *χ* ^2^ test statistics, as it is sensitive to violation of assumptions (e.g. large sample size or normal distribution), model complexity (more parameters lead to a better model fit) and sample size (higher sample size leads to a higher *χ* ^2^ value) \[[@CR79]\]. The normed *χ* ^2^ test suggest never the less a reasonable model fit.

Perceived stress {#Sec19}
----------------

In line with other studies, the medical students in our study showed higher levels of perceived stress than the age specific German norm population \[[@CR75]\]. However, medical students reported also strong personal resources (optimism, self-efficacy, joy and resilient coping strategies), suggesting that the coping efforts were not effective in reducing perceived stress. The students in our study also showed higher stress levels than medical students in their second year examined in 2005 by Fliege et al. \[[@CR64]\]. There are at least two possible explanations for this result: First, it is possible that the general level of perceived stress among medical students has increased within the last ten years. Second, it is possible that the first semester is a time, where many personally relevant changes take place within the students' lives: Examples are leaving home and living on their own for the first time, orientation in a new city away from home, establishing new relationships, and habituation to the processes and examinations at medical school. These findings were in line with the results of earlier studies showing that university students have to deal with stressors like academic and social demands, examination outcome and personal competence \[[@CR80]\]. In addition, medical students face training specific stressors such as dissecting corpses \[[@CR22], [@CR23]\] and interactions with suffering, chronical ill and dying patients \[[@CR24]\]. In contrast to other studies, no statistically significant differences were found between female and male students \[[@CR17], [@CR21], [@CR81]\], students with and without migration background \[[@CR20]\] and students who work and do not work in addition to their medical training \[[@CR7], [@CR20], [@CR21]\]. One reason that higher levels of perceived stress were not found in the subgroups might be the already very high level of stress expressed by the students in our study and therefore the ceiling effect could have prevented further variations to be found within the different subgroups. In addition, the PSQ-20 did not focus on the specific aspects of medical student stress. Therefore, differences between subgroups might have been undetected. Perceived stress was mainly characterized by tension and worries. Higher levels of perceived stress were positively related to higher levels of emotional distress, operationalized by anxiety and depression. At the same time, higher levels of perceived stress were associated with lower levels of joy.

Emotional distress {#Sec20}
------------------

The PHQ-4 score -- and the PHQ-2 and GAD-2 scores respectively --, indicate the presence of more symptoms of depression and anxiety in the student sample than in the general population and in the age-matched norm population. These results are in line with our expectations and earlier studies \[[@CR67]--[@CR69]\], where the PHQ-9 was used to detect symptoms of depression.

According to the multiple regression analyses, high levels of stress were strongly associated with anxiety. Counselling services or seminars focusing on anxiety might therefore be a useful option to reduce stress within medical education -- especially when starting medical school, within the first year of medical education. A recent study by Wild et al. \[[@CR82]\] showed the effectiveness of relaxation techniques such as autogenous training and progressive muscle relaxation according to Jacobson (PMR) in reducing burnout and trait and state anxiety levels in medical students.

On the other hand, medical students in our sample showed higher scores in the BRCS -- measuring resilient coping strategies -- and the optimism and self-efficacy scales of the SWOP than the validation samples and other student groups, which can be interpreted that the medical students already have a higher reservoir on these personal resources than many other people do. Never the less, these personal resources seem not be sufficient to buffer the students' perceived stress in order to reduce the levels of depression and anxiety. This result supports the notion that interventions on the institutional level or environmental factors of the curriculum \[[@CR40]\] or interventions trying to change the general situation of the students might be more successful in reducing the perceived stress level and their consequences such as anxiety or depression than interventions focusing on enhancing students' personal resources like coping strategies or self-efficacy.

Evidence of higher perceived stress and higher emotional distress however suggest that interventions oriented at strengthening self-regulation could have a potential benefit in the subgroup of medical students with high psychological impairment. So far, stress management in medical students focuses primarily on relaxation and cognitive skills. Deckro et al. \[[@CR83]\] examined the effect of a 6-week mind/body intervention on college students' psychological distress, anxiety, and perception of stress, consisting of group-training sessions in the relaxation response and cognitive behavioral skills. Results indicate significant reductions in psychological distress, state anxiety and perceived stress.

US medical schools offer a student wellness program, according to the regulations of the Liaison Committee on Medical Education (LCME, \[[@CR84]\]), in order to support medical students in coping with study related pressures. In the UK, the General Medical Council published a guidance on supporting students with mental health conditions \[[@CR85]\] in order to support medical students in coping with stressful situations. To date, comparable official guidelines have not been published in Germany, even though the high levels of stress, anxiety and depression among German medical students have been reported in various studies and were detected in our study as well \[[@CR8]--[@CR10], [@CR17], [@CR19], [@CR37], [@CR64]\].

Limitations {#Sec21}
-----------

Limitations of this study pertain to the measurement of stress. It has been much debated whether or not to measure stressors in terms of objective conditions (such as course load) or subjective experience (such as perceived stress). In the present study, results can be interpreted within the framework of an individual's subjective perception of stress. Furthermore, the study design needs to be acknowledged. We present a cross-sectional study, as longitudinal analysis would have gone beyond the scope of this paper. Longitudinal analysis of the stress model, including personal resources, stress perception, emotional distress, and subjective mental health state among medical students remains to be carried out in future studies.

Finally, the percentage of international students in our sample is higher than in the official statistics of 2013 reporting 9,381 first year medical students in Germany, including 1,912 international students (20.4%; including 1,106 international female students (57.8%), \[[@CR78]\]). The difference in international students' rates might be a result of cosmopolitan Hamburg being preferred over smaller German university cities.

Another limitation refers to the fact that our study included only student of one medical school. The inclusion of different medical school in Germany would result in a broader picture of the levels of perceived stress and emotional distress in medical students.

Conclusion {#Sec22}
==========

The students reported higher levels of perceived stress, anxiety and depression than the general German population validation samples or students in earlier studies. No significant differences between subgroups by gender, migration background and job status were found. We observed that the amount of perceived stress in medical students was buffered by joy, optimism and self-efficacy, and determined levels of anxiety and depression. The students already had higher levels of resilient coping, optimism and self-efficacy than the validation samples, but these personal resources could not prevent the increased levels of perceived stress, anxiety and depression. Interventions on the students' side -- especially supporting their personal resources -- may not be seem to be sufficient to lower the perceived stress levels and the levels of anxiety and depression as the students already had high levels of personal resources but never the less experienced much stress. Therefore, we think that it is appropriate to consider other possible interventions on the structural level. Institutional interventions might focus on changes within the medical curriculum or the examination schedule with the intention to lower exposure to academic stressors.
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